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摘  要 
 I








的红色荧光粉 MS:Eu2+（M 为碱土金属离子）；比较 C 粉和 N2-H2
（VN2:VH2=95%:5%）还原气氛对荧光粉发光性能的影响；改变激活剂的浓
度、助熔剂的种类及添加量，制备出高亮度红色荧光粉；在 CaS:Eu2+中引
入辅助激活剂 Er3+、原料中添加适量助熔剂 NH4F、基质中适当引入 Mg2+
可使其发光强度增强；Sr2+取代 Ca2+的 Ca1-xSrxS:Eu2+,Er3+荧光粉的激发峰蓝






















































In this thesis, three kinds of phosphors, including rare earth ion Eu3+ doped 
alkaline-earth sulfides and alkaline-earth molybdates red emitting phosphors 
and alkaline-earth aluminates green emitting phosphors, were synthesized via 
solid-state reaction method. Meanwhile, the co-precipitation method was also 
applied in the synthesis of alkaline-earth aluminates. The effect of Eu3+ 
concentration, fluxes and alkaline-earth ions substitution were systematically 
discussed.  
A kind of sulfide, CaS:Eu2+, activated by europium ion for white LED 
lighting, was synthesized via solid-state reaction route under reducing 
atmospheres. During this processing, optimal synthesis procedure was obtained 
by controlling a set of parameters. Different kinds of reducing atmospheres, CO 
root in carbon and nitrogen-hydrogen (VN2:VH2=95%:5%), were compared. 
Brightness of CaS:Eu2+ could be improved by the addition of flux NH4F in 
addition to dopant of Er3+. By changing the host of CaS:Eu2+,Er3+ into 
Ca1-xSrxS:Eu2+,Er3+, the emission wavelengthes of phosphors could be shifted to 
shorter wavelengthes, which could matched with GaN-based LED better.  
A novel technique to improve the stability of sulfide phosphors was 
developed. The red phosphors of CaS:Eu2+ were coated with silicone resin, 
which were characterized by XRD, SEM and EDX. The resistance of coated 
phosphors against moisture was obviously enhanced without obvious loss of 
luminescent intensities. 
Rare earth ion Eu3+ doped alkaline-earth molybdates phosphors, 
Ca0.85MoO4:Eu0.15, were synthesized via solid-state reaction in air, and their red 
emitting luminescent properties were characterized. The phosphors could be 
effectively excitated by both UV light (250~300nm) and blue light (464nm). By 
substitution partially of Mo6+ with W6+ for the host Ca0.85(WxMo1-x)O4:Eu0.15 
(0<x<1), the emission wavelengthes of the samples could be shifted from 















application of white LED. 
The solid-state reaction method in reducing atmospheres was also applied 
to obtain europium doped alkaline-earth aluminates phosphors for green 
emitting. The luminescent intensity of phosphors could be improved by 
changing the ratio x/y in the host of xSrO·yAl2O3:Eu2+, or the concentration of 
Eu2+ doping. The emission wavelengthes of the samples could be adjusted 
between 488nm and 435nm by changing the value x of 
(BaxSr0.97-x)O·7/4Al2O3:Eu0.03. The phosphors of (Ba0.40Sr0.57)O·7/4Al2O3:Eu0.03 
were also synthesized via co-precipitation route and then coated under reducing 
atmospheres. The luminescent intensity of the samples was higher than that 
synthesized by the solid state method, especially, through fast heating rate 





















摘  要 ..................................................................................................................1 
Abstract................................................................................................................. I 
第一章 绪 论 ...............................................................................................1 
1.1 白光 LED 简介 .....................................................................................1 
1.1.1 白光 LED 发光原理 ..................................................................2 
1.1.2 白光 LED 发展与现状 ..............................................................4 
1.2 稀土发光材料的发光原理 ...................................................................6 
1.3 白光 LED 用荧光材料简介 .................................................................7 
1.3.1 碱土硫化物发光材料 ................................................................7 
1.3.2 碱土钼酸盐发光材料 ................................................................9 
1.3.3 碱土铝酸盐发光材料 ..............................................................10 
1.4 本论文的主要研究内容 .....................................................................14 
第二章 制备工艺与表征方法 ...................................................................15 
2.1 原材料 .................................................................................................15 
2.2 制备工艺 .............................................................................................15 
2.2.1 荧光粉固相法制备 ..................................................................15 
2.2.2 荧光粉液相法制备 ..................................................................17 
2.3 荧光材料的表征方法 .........................................................................19 
第三章 碱土硫化物荧光粉的制备与性能 ...............................................21 
3.1 不同还原气氛下 Eu2+掺杂量对荧光粉荧光性能的影响 .................21 
3.1.1 荧光粉晶体结构分析 ..............................................................22 
3.1.2 荧光粉微观形貌观察 ..............................................................23 
3.1.3 荧光粉发光性能分析 ..............................................................26 
3.2 辅助激活剂对 CaS:Eu2+荧光粉发光性能的影响 .............................28 
3.2.1 不同辅助激活离子对 CaS:Eu2+荧光粉发光性能的影响 ......28 
3.2.2  Er 离子掺杂量对 CaS:Eu2+荧光粉发光性能的影响 ...........29 
3.3 助熔剂对 CaS:Eu2+荧光粉发光性能的影响 .....................................30 
3.3.1 不同助熔剂对 CaS:Eu2+荧光粉发光性能的影响 ..................30 
3.3.1.1 荧光粉晶体结构分析 ...................................................30 
3.3.1.2 荧光粉微观形貌观察 ...................................................31 
3.3.1.3 荧光粉荧光性能分析 ...................................................33 
3.3.2 助熔剂 NH4F 添加量对 CaS:Eu2+荧光粉发光性能的影响...34 
3.3.2.1 荧光粉晶体结构分析 ...................................................34 
3.3.2.2 荧光粉微观形貌观察 ...................................................34 
3.3.2.3 荧光粉发光性能分析 ...................................................36 
3.4 Ca1-xMxS:Eu2+0.065,Er3+0.015 荧光粉发光性能 ......................................36 
3.4.1 Ca1-xSrxS:Eu2+0.065,Er3+0.015 荧光粉发光光谱分析 ...................37 
3.4.2 Ca1-xMgxS:Eu2+0.065,Er3+0.015荧光粉发光光谱分析 .................38 
3.4.3 Ca1-xBaxS:Eu2+0.065,Er3+0.015 荧光粉发光光谱分析 ..................40 
3.4.4 小结 ..........................................................................................41 
3.5 碱土硫化物荧光粉的稳定性研究 .....................................................41 















3.5.2 荧光粉能谱分析...................................................................... 43 
3.5.3 荧光粉微观形貌观察.............................................................. 44 
3.5.4 荧光粉荧光光谱分析.............................................................. 46 
3.5.5 荧光粉稳定性测试.................................................................. 46 
3.6 小结..................................................................................................... 48 
第四章 碱土钼酸盐荧光粉的制备与性能............................................... 49 
4.1 Eu 离子取代量对 Ca1-xMoO4:Eux 荧光粉发光性能的影响.............. 49 
4.1.1 荧光粉晶体结构分析............................................................... 49 
4.1.2 荧光粉微观形貌观察.............................................................. 50 
4.1.3 荧光粉发光性能分析.............................................................. 52 
4.2 Ca0.85(WxMo1-x)O4:Eu0.15 荧光粉发光性能表征 ................................ 53 
4.2.1 荧光粉晶体结构分析.............................................................. 54 
4.2.2 荧光粉微观形貌观察.............................................................. 55 
4.2.3 荧光粉发光性能分析.............................................................. 58 
4.3 小结..................................................................................................... 61 
第五章 碱土铝酸盐荧光粉的制备与性能............................................... 63 
5.1 xSrO·yAl2O3:Eu0.01荧光粉的制备与表征.......................................... 63 
5.1.1 荧光粉晶体结构分析.............................................................. 63 
5.1.2 荧光粉微观形貌观察.............................................................. 65 
5.1.3 荧光粉发光性能分析.............................................................. 66 
5.2 Eu 离子掺杂量对 4SrO·7Al2O3:Eux 荧光性能的影响....................... 67 
5.2.1 荧光粉晶体结构分析.............................................................. 67 
5.2.2 荧光粉微观形貌观察.............................................................. 69 
5.2.3 荧光粉发光性能分析.............................................................. 70 
5.3 (MxSr0.97-x)O·7/4 Al2O3:Eu0.03 荧光粉发光性能 ................................. 72 
5.3.1 (CaxSr0.97-x)O·7/4Al2O3:Eu0.03荧光粉荧光性能 ...................... 72 
5.3.1.1 荧光粉晶体结构分析................................................... 72 
5.3.1.2 荧光粉荧光性能分析................................................... 73 
5.3.2 (MgxSr0.97-x)O·7/4Al2O3:Eu0.03荧光粉荧光性能 ..................... 73 
5.3.2.1 荧光粉晶体结构分析................................................... 73 
5.3.2.2 荧光粉荧光性能分析................................................... 74 
5.3.3 (BaxSr0.97-x)O·7/4Al2O3:Eu0.03荧光粉荧光性能 ...................... 75 
5.3.3.1 荧光粉晶体结构分析................................................... 75 
5.3.3.2 荧光粉荧光性能分析................................................... 75 
5.4 共沉淀法制备(Ba0.40Sr0.57)O·7/4Al2O3:Eu0.03 铝酸盐荧光粉 ........... 78 
5.4.1 荧光粉晶体结构分析.............................................................. 79 
5.4.2 荧光粉微观形貌观察.............................................................. 81 
5.4.3 荧光粉发光光谱分析.............................................................. 83 
5.5 小结..................................................................................................... 87 
第六章 稀土 Eu 离子掺杂碱土金属化合物发光机理探讨 .................... 89 
6.1 引言..................................................................................................... 89 
6.2 稀土 Eu 离子特性 .............................................................................. 92 
6.3 稀土 Eu3+掺杂碱土硫化物的发光机理探讨 .................................... 95 















6.5 稀土 Eu3+掺杂碱土铝酸盐的发光机理探讨 .....................................99 
结 论 ................................................................................................................107 
参考文献 ..........................................................................................................109 
致 谢 ................................................................................................................ 115 






























Chapter  1  Preface……………………………..……………………………1 
1.1 White Lighting LED...............................................................................1 
1.1.1 Mechanism of LED………………...........................................2 
1.1.2 Progress and Status of LED ………………………………….4 
1.2 Mechanism of Rare Earth Luminescent Materials……………………..6 
1.3 Luminescent Materials for White Lighting LED…...………………….7 
1.3.1 Luminescent Materials of Alkaline-earth Sulfides ………..…7 
1.3.2 Luminescent Materials of Alkaline-earth Molybdates……….9 
1.3.3 Luminescent Materials of Alkaline-earth Aluminates……....10 
1.4 Main Contents of the Thesis………………………………………….14 
Chapter  2  Preparation and Charateristics of the Phosphors………………..15 
2.1 Raw Materials………………………………………………………...15 
2.2 Preparation Process…………………………………………………...15 
2.2.1 Solid State Reaction for Luminescent Materials …………....15 
2.2.2 Co-precipitation Reaction for Luminescent Materials ……...17 
2.3 Characterization and Measurement for the Phosphors……………….19 
Chapter  3  Preparation and Properties of Alkaline-earth Sulfides……....….21 
3.1 Effect of the Substitution Amount of Eu3+on the Properties of 
Phosphors.under Different kinds of Reducing Atmospheres………....21 
3.1.1 Identification of Crystal Structure…………………………...22 
3.1.2 Observation of Microstructure………………………………23 
3.1.3 Analysis of Luminescent Properties………………………...26 
3.2 Effect of the Auxiliary Dopant Ion on the Properties of CaS:Eu2+ 
Phosphors………………………………………………………...…...28 
3.2.1 Effect of Auxiliary Dopants on the Preperties of CaS:Eu2+ 
Phosphors……………………………………………………28 
3.2.2 Effect of the Substitution Amount of Auxiliary Dopant Ion Er 
on the Properties of CaS:Eu2+ Phosphors….......................….29 
3.3 Effect of the Fluxes on the Preperties of CaS:Eu2+ Phosphors.………30 
3.3.1 Effect of the Auxiliary Dopants on the Preperties of CaS:Eu2+ 
Phosphors……………………………………………………30 
3.3.1.1 Identification of Crystal Structure……………………….30 
3.3.1.2 Observation of Microstructure…………………………..31 
3.3.1.3 Analysis of Luminescent Properties…………………….33 
3.3.2 Effect of the Addition Amount of NH4F on the Preperties of 
CaS:Eu2+ Phosphors…………………………………………34 
3.3.2.1 Identification of Crystal Structure……………………….34 
3.3.2.2 Observation of Microstructure…………………………..34 
3.3.2.3 Analysis of Luminescent Properties…………………….36 
3.4 Preperties of Ca1-xMxS:Eu2+0.065,Er3+0.015 Phosphors………………....36 















3.4.2 Properties of Ca1-xMgxS:Eu2+0.065,Er3+0.015 Phosphors……..38 
3.4.3 Properties of Ca1-xBaxS:Eu2+0.065,Er3+0.015 Phosphors…….…40 
3.4.4 Summary…………………………………………………….41 
3.5 Stability of the Sulfides Phosphors…………………………………41 
3.5.1 Identification of Crystal Structure…………………………...42 
3.5.2 EDS Anslysis pf Phosphors…………………………………43 
3.5.3 Observation of Microstructure………………………………44 
3.5.4 Analysis of Luminescent Properties…………………….......46 
3.5.5 Evaluation of Stability .……………………………………..46 
3.6 Summary……………………………………………………………48 
Chapter  4  Properties of Alkaline-earth Molybdates Phosphors……………49 
4.1 Effect of the Substitution Amount of Eu Ion on the Properties of 
Phosphors………………………………………………………..……49 
4.1.1 Identification of Crystal Structure…………………………...49 
4.1.2 Observation of Microstructure………………………………50 
4.1.3 Analysis of Luminescent Properties………………………...52 
4.2 Properties of Ca0.85(WxMo1-x)O4:Eu0.15 Phosphors……………...……53 
4.2.1 Identification of Crystal Structure…………………………...54 
4.2.2 Observation of Microstructure………………………………55 
4.2.3 Analysis of Luminescent Properties Phosphors…………......58 
4.3 Summary………………………………………………………….…..61 
Chapter  5  Properties of Alkaline-earth Aluminates………..………………63 
5.1 Properties of xSrO·yAl2O3:Eu2+0.01 Phosphors………………...……..63 
5.1.1 Identification of Crystal Structure…………………………...63 
5.1.2 Observation of Microstructure………………………………65 
5.1.3 Analysis of Luminescent Properties………………………...66 
5.2 Effect of the Addition Amount of Eu3+ on the Properties of 
xSrO·yAl2O3:Eu2+0.01 Phosphors……………………………………...67 
5.2.1 Identification of Crystal Structure…………………………...67 
5.2.2 Observation of Microstructure………………………………69 
5.2.3 Analysis of Luminescent Properties………………………...70 
5.3 Properties of (MxSr0.97-x)O·7/4Al2O3:Eu0.03 Phosphors…………….....72 
5.3.1 Properties of (SrxSr0.97-x)O·7/4Al2O3:Eu0.03 Phosphors……...72 
5.3.1.1 Identification of Crystal Structure……………………….72 
5.3.1.2 Observation of Microstructure…………………………..73 
5.3.2 Properties of (MgxSr0.97-x)O·7/4Al2O3:Eu0.03 Phosphors…….73 
5.3.2.1 Identification of Crystal Structure……………………….73 
5.3.2.2 Observation of Microstructure…………………………..74 
5.3.3 Properties of (BaxSr0.97-x)O·7/4Al2O3:Eu0.03 Phosphors…......75 
5.3.3.1 Identification of Crystal Structure……………………….75 
5.3.3.2 Observation of Microstructure…………………………..75 
5.4 Properties of (Ba0.40Sr0.57)O·7/4Al2O3:Eu0.03 by Co-precipitation 
Reaction……………………………………………………………...78 















5.4.2 Observation of Microstructure………………………………81 
5.4.3 Analysis of Luminescent Properties………………………...83 
5.5 Summary………………………………………………………….…..87 
Chapter  6  Discussion of Mechanisms for Eu3+ doped Alkaline-Earth 
Compound Luminescent Materials………..………………..….89 
6.1 Praface……………………………………………………………..….89 
6.2 Properties of Rare-Earth ion Eu3+………………………………….…92 
6.3 Discussion of Mechanisms for Eu3+ doped Alkaline-Earth 
Sulfides……………………………………………………………...95 
6.4 Discussion of Mechanisms for Eu3+ doped Alkaline-Earth 
Molybdates…………………………………………………………..97 































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
